T he purpose of the Occupational Safety and Health Administration (OSHA) Hazard Communication Standard is:
to ensure that the hazards of all chemicals produced or imported by chemical manufacturers or importers are evaluated, and that information concerning those hazards is transmitted to affected employers and employees within the manufacturing sector (OSHA, 1989a) .
The Material Safety Data Sheet (MSDS), used to transmit the health and safety information of chemicals, provides a description of the topic substance and information on how the material can be safely handled, used, and stored.
Occupational health nurses are often in charge of worker health and safety training, as ABOUT THE AUTHOR:
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well as assessing worker exposure to hazardous chemicals. Based on the perceived lack of user friendliness of the MSDS, OSHA is developing a new Standard for the preparation of the MSDS to improve the clarity and consistency of the forms.
OVERVIEW OF THE MSDS
To better understand the MSDS, one must understand the eight key sections of information and the terminology associated with each section. This article walks through each section and explains terms and concepts frequently presented in a MSDS.
Section 1
This section includes the identity (name) used on the label; the manufacturer's name, address, and telephone number; emergency telephone number; the name and signature of the preparer; and the date prepared. If needed, the occupational health nurse can use the details in this section to request additional information on a chemical.
Section 1/: Hazardous Ingredients/Identity Information
This includes a list ofthe topic substance's common name and specific chemical identity, as well as a list of hazardous ingredients. Sometimes ingredients not considered hazardous are also listed. Protective regulations and advisories are also found in this section. Regulatory levels enforceable by law most often come from OSHA. The American Conference of Governmental Industrial Hygienists (ACGIH) and the National Institute for Occupational Safety and Health (NIOSH) publish recommendations (not enforceable by law) for safe levels. OSHA considers these recommended levels in the derivation of its regulations. The following terms relating to protective regulations and advisories are found in this section of the MSDS:
C-Ceiling Values. The OSHA ceiling value is the airborne concentration of a substance in air which at no time (even for an instant) should be exceeded (OSHA, 1989b) . It is designated by a C preceding the regulatory value. ACGIH recommends ceiling values which are labeled as TLV-C (see definition under TLV) (ACGIH, 1992) . IDLH-Immediately dangerous to life or health concentrations. The IDHLs represent the maximum concentration recommended by NIOSH from which, in the event of respirator failure, one could escape within 30 minutes without a respirator and without experiencing any escape impairing (e.g., severe eye irritation) or irreversible health effects (NIOSH, 1990) .
PEL-Permissible exposure limit. A PEL is the maximum allowable airborne concentration of a substance in air. Workers may not be exposed to an excess of the PEL level in air which is determined using an 8 hour time weighted average (TWA) of the substance in air. The terms PEL and TWA are often used interchangeably. A PEL is the name OSHA gives to its protective level. A TWA is the how the level is defined (see definition under TWA). This PEL value is enforceable by law (OSHA, 1989b) .
PPM-Parts per million. PPM is a measurement of parts of vapor or gas per million parts of contaminated air by volume at 25°C and one tarr pressure (ACGIH, 1992) . Many regulations and advisories list protective air levels in ppm.
REL-Recommended expo- JUNE 1994, VOL. 42, NO. 6 CE ART I C L E sure limit. A REL is a NIOSH recommended, TWA concentration of an airborne contaminant which should not be exceeded (breathed by workers) for up to a 10 hour workday during a 40 hour work week (NIOSH, 1990) . STEL-Short Term Exposure Limit. A worker's 15 minute TWA, OSHA regulatory level which can not be exceeded at any time during a work day unless another time limit is specified in a parenthetical notation below the limit (OSHA, 1989b) . Threshold Limit Valueshort term exposure limit (TLV-STEL) is the maximum ACGIH recommended exposure concentration for up to 15 minutes during a maximum of four periods each workday. Each exposure period should be at least 60 minutes after the last period (ACGIH, 1992) .
TLV-Threshold Limit Value. A TLV is an ACGIH recommended, airborne concentration of a substance to which nearly all workers can be exposed repeatedly day after day without adverse effect using an 8 hour TWA concentration (ACGIH, 1992) .
TLV-SKIN-Threshold Limit Value-skin absorption. TLV-SKIN refers to the potential contribution of absorption through the skin-including mucous membranes and eyes-to a worker's overall exposure by either airborne or direct skin contact with a substance (ACGIH, 1992) .
TWA-Time-weighted average. The TWA refers to concentrations of airborne toxic materials that have been weighted for a certain time duration. The TWA is typically the worker's average airborne exposure to a toxic substance in any 8 hour work shift of a 40 hour work week which shall not be exceeded (OSHA, 1989b) . ACGIH and NIOSH recommendations also include TWA calculations. The TWA for an 8 hour workday is calculated as follows: sum of (exposure period) X (exposure concentration) for each exposure period divided by an 8 hour workday. Example:
(5 ppm X 2 hrs) + (1 ppm X 6 hrs) = 2 ppm TWA 8 hour workday
Section 11/: Physical/Chemical Characteristics
Section III includes the physical data of the chemicals that can assist the occupational health nurse in planning or responding to emergencies.
Definitions relating to physical data include:
Appearance and Odor-Information that can help identify the substance. If employees are working with a pink, powdery substance and the MSDS lists it as a white powder, the occupational health nurse has the wrong MSDS. Odor should never be used to identify a substance, as odor detection cannot prevent a toxic exposure. Odor threshold values, if given, can be compared to regulatory levels to give a rough exposure level estimate. For instance, benzene odor can be detected in the air at 4.7 ppm, which is above the recommended PEL of 1 ppm. The occupational health nurse knows workers have probably been exposed to a hazardous amount of benzene if they detected a benzene odor and worked an 8 hour day in an area containing benzene. On the other hand, hydrogen sulfide has a low odor threshold and its odor can be detected at very low levels. The fact that workers smell it does not indicate they have been exposed to a dangerous amount.
Boiling Point-the temperature at which a liquid boils. Flammable liquids have a low boiling point, which can represent fire hazards (NF PA, 1991 ) . This is a good indicator of how easily a product could evaporate and give off vapors.
Evaporation Rate-measures the volatility of a liquid. The evaporation rate is usually compared to either butyl acetate (eva por a tes very slowly) or to a chemical that evaporates very quickly (ether). If the evaporation rate is greater than 1, it means it evaporates more easily than the chemical to which it is compared. If it is less than 1, it means the substance evaporates more slowly than the comparison chemical, which is often similar to water (NFPA, 1991) . The chemical being used in the comparison has to be noted. The faster a chemical evaporates, the faster it gets into the air, and the more likely it is to be an inhalation hazard.
Melting Point-the temperature at which conversion of a solid to a liquid begins (NFPA, 1991) .
Solubility-the percentage by weight of the substance that can be dissolved in water. Less than 0.1% is negligible solubil-
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ART I C L E ity, 0.1% to 1.0% is slightly soluble, 1.0% to 10.0% is moderate, and 10.0% is appreciable. Complete means it can all be dissolved (NFPA, 1991) . Specific Gravity-a comparison of the weight of a volume of material with the weight of an equal amount of water at 39.2°F (NFPA, 1991) . A value greater than 1 means that the substance will sink in water; less than 1 means it will float. This information can be of assistance in determining how a chemical will behave in water following a liquid spill.
Vapor Density-the weight of a vapor or gas compared with an equal volume of air. It is expressed on a MSDS as a value of > 1 or < 1. A vapor density of < 1 means that the substance will tend to ri se in still air; > 1 means it will fall (NFPA, 1991) . Understanding the behavior patterns can predict for example, a potential inhalation hazard based on knowledge of the vapor density. If the vapor density is > 1, the vapors are heavier than air and will tend to fall close to the floor or at the bottom of tanks, unseen and dangerous. Giving emergency mouth to mouth resuscitation to a worker in an area contaminated with a chemical that has a high vapor density could be hazardous to the rescuer and victim, depending on the amount released and the level of ventilation.
Vapor Pressure-the pressure exerted by the evaporation of vapor above the surface of a liquid in a closed container (NFPA, 1991 ) . The vapor pressure of a liquid increases with temperature. The higher the vapor pressure, the greater the evaporation rate, resulting in more vapor escape potential into the air if the container is opened. Vapor pressure is measured in millimeters of mercury (mm Hg). The higher the vapor pressure, the faster it moves from the liquid into the air if left uncovered.
Section IV: Fire and Explosion Hazard Data
The information in this section provides a general idea of the hazards of a substance and the severity of these hazards as they relate to handling, fire prevention, exposure, and control. Common terms in this section include:
Flash Point-the lowest temperature of a flammable liquid that gives off vapor sufficient to form an ignitable mixture with the air near the surface of the liquid or within the container used (NFPA, 1991) .
Flammable Limits (Range)the percentage range of liquid vapor in air, by volume, within which an explosion can occur. Increases in temperature can widen the explosive range of a chemical. The explosive limit is usually expressed as a percent of the vapor or gas in the air. A value of 1% of volume is equal to 10,000 ppm. The LEL is the lower explosive limit and the UEL is the upper explosive limit. Air concentrations that fall between the LEL and VEL can lead to fires or explosions. Air concentrations that fall below the LEL are too lean for an explosion to occur. Air concentrations that fall above the VEL are too rich for an explosion Stabil ity-measure s how well a substance can resi st changing its form when exposed to heat, air, water, or mixed with other chemicals. A stable material will not change easily; an unstable material will change easily. An unstable substance creates a potential safety hazard unless carefully handled and stored. For example, a chemical 
Section V: Reactivity Data
This section deals with information about how the chemical may adversely react with other chemicals. Such information is important when discussing proper handling, usage, storage, and disposal techniques. This section also provides information on whether a chemical will change its actual composition. A chemical can either breakdown into another substance or combine into to occur. Extra care must be taken in an UEL situation. An open door can dilute the concentration into an explosive range. Section N identifies the most appropriate extinguishing media to put out the fire being fueled by the topic chemical. Unsafe extinguishing media are identified to prevent a hazardous situation (NFPA, 1991 ) .
Flammable liquid-has a flash point below lOO°F and a vapor pressure not exceeding 40 lb/sq in absolute at 100°F (NFPA, 1991 ) .
Combustible liquid-has a flash point at or above lOO°F. When vapor escapes from a flammable liquid into the air, and under the right set of conditions, a flammable or explosive situation can occur (NFPA, 1991 ) .
Oxidizer-a chemical that initiates or promotes combustion in other materials thereby causing fire, either by itself or through the release of oxygen or other gases (OSHA, 1989a) .
The National Fire Protection Agency (NFPA), has developed a standard system for identifying the fire hazards of various materials. The NFPA Fire Diamond Hazard Signal System provides a visual display of inherent hazards of health, flammability, and reactivity for firefighters , and emergency and other personnel, enabling them to more easily decide whether to evacuate an area or to commence emergency control procedures. The NFPA fire diamond is not required to be part of a MSDS. However, many manufacturers include it on their labels and on their MSDS. Specific information on under very hot conditions may explode or break down into other chemicals and release toxic fumes or vapors (Accrocco, 1987) .
Incompatibilityidentifies other substances that should not come into contact with the toxic chemical. Direct contact may result in dangerous reactions with the release of energy (Accrocco, 1987 ) .
Hazardous Decomposition or Byproducts-identifies how the substance breaks down or decomposes under certain conditions, such as extreme heat, and identifies the new hazardous material that may be formed as a re sult of this break down (Accrocco, 1987 ) .
Hazardous Polymerizationdescribes whether a chemical reaction can occur when the material is exposed to air, water, heat, or other conditions and cause the release of a large amount of heat, an explosion, and in some cases, toxic gases. If the materials are likely to react in this fashion, they will be treated with inhibitors (mate rials that can stop this type of reaction). Special storage procedures also may be specified (Accrocco, 1987) .
Section VI: Health Hazard Data
A substance labeled as a he alth hazard means that injury could be caused under the right circumstances. Potential routes of entry of the chemical into the body, signs and symptoms of overexposure, acute and chronic effects, emergency first aid and treatment, and known antidotes are described. Medical conditions generally aggravated by exposure
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ART I C L E are also identified in this section. Following are terms generally found in this section of the MSDS. Routets) of entry-Chem icals can be introduced to workers by many routes: dermal, inhalation, oral, injection. The most common route is through skin contact (dermal). Chemicals can also be breathed into the body through inhalation. The respiratory route is another common route, since humans have to breathe the surrounding air. Chemicals can be swallowed if they are transferred from the workplace through cigarettes, food, drinks, or even makeup. Proper work practices and good personal hygiene can help eliminate these types of exposures.
Health hazards (a cu t e)-Acute health effects are defined as health effects that usually occur rapidly as a result of a short term exposure to a toxic substance (OSHA, 1989a) . The American National Standards Institute standard for precautionary labeling of hazardous chemicals defines the following acute effects related to exposure to hazardous substances (OS HA, 1989a):
• Irritant-chemical that is not corrosive, but will cause a reversible inflammatory effect on living tissue by chemical action at the site of contact. • Corrosive-a chemical that causes visible destruction of or irreversible alterations in , living tissue by chemical action at the site of contact.
• Sensitizer-a chemical that causes a substantial proportion of exposed people or animals to develop an allergic reaction in normal tissue after repeated exposure to the chemical. • Highly toxic-a chemical falling within any offour categories: 1. Lethal Dose-the dose of a toxic agent that will kill 50% of a group oftest animals (LD 50). This will vary depending on the route of administration. The LD50 measures the acute response of a biologic system to a toxic substance (OSHA, 1989a Health ha zards (ch ronicl-e-OSHA defines chronic health effects as generally occurring as a re sult of long term exposure and of long duration (OSHA, 1989a. These terms generally apply to chronic health effects: • Carcinogen-a chemical is considered to be a carcinogen by OSHA if it has been evaluated by the International Agen cy for Research on Cancer (IARC) and found to be a carcinogen or potential carcinogen, it is listed as a carcinogen or potential carcin-ogen in the Annual Report on Carcinogens published by NTP (National Toxicology Program), or it is regulated by OSHA as a carcinogen.
• Teratogen-a chemical exposure that can produce malformation s in the fetus. • Mutagen-a che m ic a l t hat can cause ch a nges in genetic material (OSHA, 1989 a ).
Section VII: Precautions for Safe Handling and Use
Proper handling tech ni ques, such as wearing face shields, are outlined in this section . Attention to protecting worker health and complying with st ate a nd federal r egulations is the goal. Assuring that the proper spill kit is available before it is need ed is a n exa mple of using knowledge ga ine d from this section of the MSD S.
Section VIII: Control Measures
Information about reduction of worker exposure is provided by id entifying appropria te engine ering controls, the use of perso nal protective e qui p me n t, proper work practices, and personal hygiene. Consi derations relatin g to control measures include:
Eye protect ion -Proper glasses with side shields or face shields may be recommended. Eyewash st ations and body showers may be identified as necessary protective measures.
Protective gloves-Selection of the material must be based on the properties of the toxic substances to which the worker is exposed. Appropriate ma terial sh ould be listed on the MSDS.
Respirator protection-The JUNE 1994, VOL. 42, NO.6 CE ART I C L E two basic types of re spirators are atmosphere su pplying and air purifying. An atmosphere supplying re spirator is one in which the air is supplied from an external source. Two common air supplying respirators include a self contained breathing a ppar atu s (SCUBA) or a ho se type respirator, through which air is suppli ed from an external sou r ce. The se cond type of r espirator is t h e air purifying r espirator, wh ich contains cartridges and/or filters to r emove the contaminant in the ai r prior to breathing. Information on respiratory protection programs is found in the OSHA Respiratory Protection Standard (OS HA, 1910.34) .
Ventilation st ra teg ies may al so be r ecommended. Two types of ventilation include : • Local vent ilation. An exhaust fan at the end of an enclosure is used to pull contaminated air away from the source, protecting the breathing zone of the worker. Spray paint booths frequently use this type of exhaus t vent ilation. • General ventilation. Chemicals in the ai r a re diluted by bringing fresh ai r into the room by a fan in the ceiling or wall . These type of ventila t ion cannot be used with h az ardous chemical s (NSC, 1988) .
Special Precautions and Comments
This se ctio n cont ains information relating to safe storage and handlin g of the to pic su bs t a nce. Container la bel s a nd Department of Transp ortation data are also listed .
CONCLUSION
Workers, emergency re sponders, a nd occupational health professi onals need to understand the hazards of substances with which they work and know what to do in a n emer gency or illness. Understanding the MSDS is the key to commu nication and compli ance, and is vit al for functi oning effectively in the workplace. Utilizing the MSDS to it s full extent will en hance health a nd safety in this se tting.
